The Iodine-containing Proteins Derrien, Michel & Roche (1948) studied the nature of the iodine-containing proteins present in the thyroid glands of hogs, cattle and horses by a method involving the fractional precipitation of the proteins from saline extracts and the determination of the iodine and nitrogen contents of the precipitates. They used either a 3-5M mixture of equimolar mono-and di-potassium phosphate (pH 6 5) or a saturated solution of ammonium sulphate (pH 6-5) as a precipitating agent. The presence of at least five different protein components which contained iodine could be demonstrated in the crude extracts, and a method of preparing a purified thyroglobulin was developed. The preparation of thyroglobulin, however, was not a homogeneous protein, but one containing three components (Derrien et al. 1948; Derrien, Michel, Pedersen & Roche, 1949) . Only two investigations of the iodine-containing proteins of abnormal tissue from human thyroid glands have so far been published. Roche, Michel, Deltour & Michel (1952) concluded on the basis of solubility and other tests that the iodine-containing protein of the thyroid glands of hyperthyroid patients did not differ significantly from that of a normal control. Trunnell & Wade (1955) compared semi-quantitatively, by paper chromatography and autoradiography, the 1311-contents of the iodoamino acid and iodide fractions of alkali-hydrolysed normal and adenomatous thyroid tissue from each of two patients who had been given sodium iodide containing l3sI. Their results indicated differences in the distribution of 131I between the various fractions from the two types of tissue. In one case no labelled thyroxine or triiodothyronine appeared on the chromatograms of the hydrolysed thyroid adenoma tissue.
The present investigation is divided into three parts. The first consists of an examnination of the distribution of 131I between the various fractions obtained in the course of the preparation of purified thyroglobulin by the method of Derrien et al. (1948) .
The second part consists of a more detailed study of the solubility properties of the iodine-containing proteins of normal and abnormal thyroid tissue which was undertaken because of the differences in distribution of 13ll that were observed when the saline extracts of macroscopically normal and abnormal thyroid tissue were fractionated. The abnormal thyroid tissue used in this part of the work was subsequently shown, by histological examination, to be thyroid carcinoma tissue in two cases, while in the third it was nodular tissue with fibrous degeneration. The third part of this investigation consists ofan examination ofthe distribution of "3"I between the iodo-amino acids and iodide present in tryptic hydrolysates of the thyroglobulins prepared, by the method of Derrien et al. (1948) , from normal and abnormal thyroid tissue of one patient. The abnormal tissue was subsequently found to be carcinomatous.
MATERIALS AND METHODS
Tissue from patients selected for surgical removal of abnormal thyroid glands was used in this study. In each case the iodine-containing constituents of the thyroid gland were labelled by oral administration of a dose of carrier-free Na13LI, generally 48 hr. before thyroidectomy. In one case a thyroid gland and metastases of thyroid origin were removed post mortem from a patient with carcinoma of the thyroidwhohaddiedafterreceivingadose of radio-iodine for therapeutic purposes. Details of the patients and doses are presented in Table 1 .
The 1311-labelled glands were dissected, as far as possible, into macroscopically normal and abnormal thyroid tissue; the weights and L31I-contents (by y-ray counts) were determined (Table 1 ) and samples removed for the preparation of histological sections for staining and autoradiography. The separate portions of the glands were frozen with solid C02, sliced and extracted with 3 ml. of 0.9 % NaCl/g. overnight in the presence of toluene (0-4°). In accordance with the method of Derrien et al. (1948) The analysis of the iodo-amino acid constituents of the thyroglobulin fractions [soluble at 37 %, insoluble at 42 % saturation with (NH4),504; see Derrien et al. 1948 ] was carried out as described by McQuillan, Stanley & Trikojus (1954) . The proteins (100 mg.) were hydrolysed in this experiment in a solution (1-8 ml.) containing crystalline trypsin (Armour) (15 mg.) and crude 'trypsin' (Armour, 1: 75) . The pH ofthe solution was adjusted to 8-4 with dilute NaOH and hydrolysis allowed to proceed in the presence of toluene at 370 for 54 hr. The hydrolysate was brought to pH 1-2 with HCI and extracted successively with 2, 2 and 1 vol. of n-butanol saturated with dilute HCI (pH 1-25). About 90 % ofthe total LlII was extracted into the n-butanol phase in each case. The butanol extracts, after addition of excess of 2N-NH3, were evaporated to dryness in vacuo, and the residues dissolved in 2N-NH3 and chromatographed on Whatman no. 3MM paper with the solvent system (BPA) of McQuillan et al. (1954) , which consists of n-butanol-npentanol-2x-NH3 (1: 1: 2 by vol.). The eluates of the zones which were detected on the chromatograms by autoradiography were re-chromatographed in the BPA solvent system or in a solvent system (PPW) consisting of npentanol-propionic acid-water (20:3:15 by vol.; the latter was used after equilibrating at least 16 hr.) to obtain further resolution. Finally, the eluates were chromatographed in the appropriate solvents with added authentic non-labelled iodo-amino acids and sodium iodide for identification by the coincidence of the radioactive and non-radioactive spots. The non-radioactive iodo-amino acids were located by the method of Bowden, Maclagan & Wilkinson (1955) as modified by Fletcher & Stanley (1955) .
A labelled rabbit thyroid gland was prepared by subcutaneous injection of 25 uc of carrier-free 1811I in the form of NaI into an albino rabbit 24 hr. before thyroidectomy.
RESULTS
The distribution of "3II between the various fractions that were obtained when the method of Derrien et al. (1948) for the preparation of purified thyroglobulin was applied to the saline extracts of normal and abnormal thyroid tissues and thyroid metastases is shown in Fig. 1 . In the same figure the distributions for a labelled rabbit thyroid gland and for two hog thyroid glands (McQuillan et at. 1954) are included for reference. The latter were shown by hlistological examination to be normal thyroid glands.
The solubilities (S) of the iodine-containing proteins of normal and abnormal portions of three thyroid glands (Mr St., Mrs Wr. and Mr Ba.) are plotted in Fig. 2a , c, e against concentration (C) of ammonium sulphate, expressed as a percentage of saturation. Corresponding plots of -AS/AC against C are shown in Fig. 2b, d , f.
In Fig. 2 the corresponding values for the abnormal thyroglobulin were 48, 9 1 and 33 %. About 045 % of the activity from the normal thyroglobulin was present as thyroxine and a trace as 3:5:3'-triiodothyronine, but no thyroxine or triiodothyronine could be detected in the abnormal thyroglobulin. These values have been corrected for losses during the chromatographic procedures, but should nevertheless be regarded as approximate. DISCUSSION Derrien et al. (1948) found only slight differences in the salting-out curves of hog, beef and horse thyroglobulins. Accordingly, the pattern of iodine distribution shown by the two hog thyroid glands (Fig. ld, e) and the rabbit thyroid gland (Fig. lf) may be taken to be the pattern for normal mammalian thyroglobulin. The macroscopically normal tissues from Miss Sc.'s gland (Fig. 1g) and from Mrs Ru.'s gland (Fig. 1k) conform to this pattern. The patterns of iodine-distribution obtained with carcinomatous thyroid tissue (Fig. 1 c) , lung (Fig. 1 a) and mediastinal (Fig. 1 b) metastases from Mrs Pa., of carcinomatous thyroid tissue from Mrs Ri. (Fig. lj) and of carcinomatous thyroid tissue from Mrs Ru. (Fig. 11) are appreciably different from the normal pattern; the main difference is the higher proportion of proteins still in solution at 42 % saturation with ammonium sulphate. Abnormal tissue from Miss Sc.'s gland (Fig. 1 h) behaved very similarly to normal tissue from the same gland (Fig. ig) . This may be explained by the fact that histological examination showed this to be a case of benign adenoma and not a carcinoma. The reason for the abnormal pattern of iodine distribution obtained with normal ( Fig. 1 i) as well as carcinoma (Fig. lj) tissue from Mrs Ri.'s gland may be the difficulty of effecting a clean separation of normal and abnormal tissue on the basis of a macroscopic examination. The difference between the normal (Fig. 1 m) and abnormal ( Fig. 1 n) iodine-distribution patterns of Miss To.'s gland consists largely of an increase in the fraction insoluble in 37 % saturated ammonium sulphate and a decrease in the thyroglobulin fraction of the abnormal tissue.
In cases of Mr St. and Mrs Wr. the solubility and -AS/AC curves (Fig. 2) show differences in the salting-out of the iodine-containing proteins from extracts of normal and abnormal thyroid tissue, the latter proving to be carcinomatous on histological examination. The differences were slight in the case of Mr Ba., whose gland exhibited a benign, nodular degeneration.
Comparison of the -AS/AC curves for the normal iodine-containing proteins from Mr St.'s ( Fig. 2b) and Mrs Wr.'s (Fig. 2d) (Fig. 2 b) . There is a possibility that the peaks of the -AS/AC curves do not represent different proteins containing iodine, but that the precipitation of normal thyroglobulin in the presence of ammonium sulphate is modified by co-precipitation, at lower salt concentrations, with proteins of the abnormal thyroid tissue which do not contain iodine. This is believed to be unlikely for the following reasons: Roche, Michel, Michel, Deltour & Lissitzky (1951) obtained a virtually normal solubility curve for protein containing 131I when total beef plasma proteins (5.25 mg. of N/ml.) were added to the saline extract of labelled beef thyroid glands (containing 0-95 mg. of N/ml.). Roche, Michel, Michel, Deltour & Lissitzky (1950) Roche et al. (1952) concluded from the S curves that the 1311-proteins of the two groups were identical. The differences in shape and in the position of the main peaks between the -AS/AC curves for St' + Ste and StN, on the one hand, and St'1 and St'2 (Fig. 2 b) , on the other, make it probable that there is a change in the nature of the iodine-containing proteins produced in carcinomatous thyroid tissue. This is confirmed by the curves for Wr' and Wr' , WrA2 and WrA (Fig. 2d) .
The difference is less marked in the case of BaL, BaL and Ba' (Fig. 2f) , possibly because the abnormality of the gland was not due to carcinoma. The interpretation of the results of the quantitative analysis by paper chromatography, of the iodo-amino acids of thyroglobulin from normal and carcinomatous thyroid tissue of Miss To.'s gland is difficult. If the specific activities (,uc of "3"I/jig. of 1271) of the 3-iodotyrosine from the normal and abnormal thyroglobulin are assumed to be the same, and the specific activities of the 3:5-diiodotyrosine from the normal and abnormal tissue are assumed to be the same, the two not necessarily being equal, then the results indicate a higher ratio of 3-iodotyrosine to 3:5-diiodotyrosine for abnormal than for normal thyroglobulin, suggesting that there is interference with the iodination mechanism leading to formation of 3:5-diiodotyrosine. If this assumption is not correct, however, the implication is that the rates of synthesis of the two compounds in normal and abnormal thyroid tissue are different.
These results are preliminary to a fuller investigation of the properties of the iodine-containing proteins with abnormal solubility which are present in carcinomatous thyroid glands. The present work was limited by the availability of appropriately labelled glands containing both normal and abnormal tissue in a form which could be separated. SUMMARY
1. The method of purification of thyroglobulin by fractional precipitation with ammonium sulphate was applied to saline extracts of normal and abnormal thyroid tissues from patients given 11I. Characteristic patterns were observed of the distribution of 131I between the fractions obtained.
2. The solubility (S) and -AS/AC curves for the iodine-containing proteins present in saline extracts of normal and carcinomatous thyroid tissues were found to differ.
3. A quantitative examination by paper chromatography, of the trypsin hydrolysates of the thyroglobulins isolated from normal and carcinomatous thyroid tissue of one patient indicated that the proportions of 131I present as 3-iodotyrosine and 3:5-diiodbtyrosine were approximately 1: 1 and 5: 1 respectively in the norrnal and abnormal thyroglobulin.
